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Abstract—Broadband fixed wireless access, local multipoint
distribution service networks are promising wireless solutions
to connect fixed users to the backbone network instead of
wired copper or fiber optic networks, via point-to-multipoint
cellular networks. Channel capacity is of primary importance
in broadband fixed wireless access networks due to increas-
ing demand for multimedia services and possibility of pro-
viding wireless internet. Modern radio transmission systems
are specifically designed for meeting two main objectives: to
provide a solution for long distance networks with high trans-
mission capacity, and to guarantee the highest link quality.
Availability of a radio-relay system is very important and
dependent on many factors, particularly propagation condi-
tions in the troposphere. The article describes wave propa-
gation that determines the performance of a radio-relay path
at 6 GHz. Attenuation of received signal level measured in
this frequency range depends on propagation condition on ter-
restrial path. Examples of measured fading duration of are
presented.
Keywords—fading, line-of-sight radio links, multipath, propa-
gation.
1. Introduction
The fast expansion of the applications and services in
the wireless networks and the competition between oper-
ators have increased the demands for improving the perfor-
mance work of these systems. The performance of broad-
band ﬁxed wireless access links operating under 10 GHz
is predominantly controlled by multipath attenuation.
Time operation of radio links is split into two periods,
when it is in working order or out of order. Radio links
are out of order when even one of its basic parameters is
crossing permissible limit spread. This occurrence is called
failure. It is not essential the failure to follow rapidly or
gradually.
There are six transmission parameters, which may be used
to characterize unsatisfactory quality performance. These
are BER (Bit Error Ratio) or FER (Frame Error Rate),
short interruption, delay, jitter, slip and quantizing noise.
BER/FER and short interruption are the main indicators of
unavailability. This is because jitter and slip will cause bit
errors and short interruption in the network and that delay
and quantizing noise are relatively ﬁxed quantities in any
connection.
Line-of-sight radio relay systems are deﬁned unavailable
when one or both of the following conditions occur for
more than 10 consecutive seconds:
– the digital signal is interrupted,
– the BER in each second is higher than 10−3.
It should be noted that the unavailability for system has to
be considered for both “the go” and “the return” direction,
that is twice the calculated value. Wave propagation in the
atmosphere and its impact on the performance of digital
radio relay systems is the main topic of this paper.
2. Propagation – Mechanism
of Fadings
The propagation of radio signals is aﬀected by several fac-
tors that contribute to the degradation of its quality. One
of more important factors leading to link unreliability is
the environment, which leads to multi-path propagation ef-
fects and contributes to background noise. The radio re-
fractive index of the atmosphere n, is a number on order
of 1.0003, varying between 1.0 for free space – above at-
mospheric inﬂuence and about 1.00045 at the maximum.
For greater computational convenience, it is customary to
utilize a term N, called “radio refractivity”, which is de-
ﬁned as:
N = (n−1) ·106 . (1)
The N term would be zero in free space, and a number on
order at 300 at the earth surface. The radio refractivity of
air is given as:
N = 77.6 p
T
−5.6 e
T
+ 3.75 ·105 e
T 2
, (2)
where:
p – total atmospheric pressure [hPa],
T – absolute temperature [K],
e – partial pressure of water vapour [hPa].
The 5.6 eT element is very small compare to the other two
and Eq. (1) can be given as:
N =
77.6
T
(
p + 4810 e
T
)
= 77.6(Ns + 4810Nw) , (3)
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where:
Ns – term is frequently referred to as “dry term” and
Nw – term is called as “wet term”.
By examination of Eq. (3), it can readily be seen that,
while pressure and relative index, temperature as a func-
tion of N is the predominating factor. It is easily seen why
the phenomenon of temperature inversion is of concern in
connection with radio propagation.
Fig. 1. The index of refraction for troposphere: (a) standard
atmosphere, (b) atmosphere in elevated layers.
The beam of microwave energy is not a single line, but
a wave front extending for considerable distance about cen-
ter line. Since the index of refraction under normal atmo-
sphere conditions is lower at the top of the wave front and
higher at the bottom, and since velocity is inversely propor-
tional to the index of refraction, the upper portion of the
wave front under such conditions will travel slightly faster,
with the result that the wave front as it moves along the
path will tend to have the top tilted more and more forward.
Since the direction of beam travel is always perpendicular
to the wave front, the beam itself will be bent downward,
thus increasing the apparent clearance. The amount of
bending is actually very slight on a percentage basis, but is
suﬃcient to cause signiﬁcant variations.
Under certain atmospheric situations there can be even
greater than normal negative N gradients (earth ﬂattening
type), or others in which the N gradients become less neg-
ative, or even positive. In the latter situation the lower
part of the wave front will travel faster, and the beam will
be bent upward, reducing the apparent clearance. This is
earth-bulging type.
Most of the time gradients in the lower atmosphere are
essentially linear (Fig. 1a). These linear variations aﬀect
clearance, and are also important when the path is reﬂec-
tive, but they do not produce atmosphere multipath situa-
tions.
When non-linear gradients occur such as shown in Fig. 1b,
then there are suitable atmosphere conditions for multi-
path. These abnormal situations in the atmosphere can
occur when conditions are such that stratiﬁed layers with
diﬀerent gradients may lie on top of one another. At night –
before sunrise, radiation can cool the ground more rapidly
then air, and the temperature may then increase with in-
creasing altitude. Then it is possible to get the atmospheric
multipath. Under these conditions the received signal is
the vector sum of the various components, all of which are
varying in phase in a random manner, and usually in am-
plitude as well. It is this phenomenon, which causes most
of the fast, very deep fading.
3. Example of Empirical Data
at Terrestrial Link 6 GHz
It is very important to estimate degradation of radio-re-
lays. Meteorological conditions in the space separating the
transmitter and receiver may sometimes cause detrimental
eﬀects to the received signal.
Six radio links of band 6 GHz were examined which paths
were from 36.6 km to 69.8 km. Sites of 4 radio links were
located near Warsaw and two of the longest paths were
located at Mazurian Lakes District. Measurements were
carried out during normal operation of radio links.
Signal samples were received with frequency 5 Hz during
high attenuation and 0.0033 Hz in the other times. The em-
pirical characteristics of signal attenuation were obtained
from the four year measurements. The monthly attenua-
tion due to multipath distributions and its duration time are
presented in this paper. Number of fadings and their du-
ration time in January of each measured year is presented
in Fig. 2 and the same graph for August in Fig. 3.
The percentage of general number of fadings at 10 dB,
20 dB and 30 dB, which duration times were not longer
than indicated on ordinate axis, in the fourth year mea-
surement in January are presented in Fig. 4 and in August
in Fig. 5.
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Fig. 2. Number of fadings and their duration time in January of each measured year.
Fig. 3. Number of fadings and their duration time in August of each measured year.
Fig. 4. Percentage of general number of fadings at 10 dB, 20 dB and 30 dB in January of the fourth year measurement, which duration
times were not longer than indicated on ordinate axis.
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Fig. 5. Percentage of general number of fadings at 10 dB, 20 dB and 30 dB in August of the fourth year measurement, which duration
times were not longer than indicated on ordinate axis.
4. Conclusion
This paper describes propagation eﬀects in radiolinks ap-
plications. It has been experimentally validated in typical
radiolinks of 6 GHz that when fadings approach near line-
of-sight links are considered to free space value for typical
atmosphere conditions.
Microwave radio links can be properly and precisely en-
gineered to overcome potentially detrimental propagation
eﬀects. Knowledge of the fading statistics is extremely
important for the design of wireless systems. During
some stagnant, horizontally layered atmospheric conditions,
the vertical gradient in atmospheric index of refraction
produces multiple propagation paths between the trans-
mitter and the receiver of line-of-sight microwave radio
links. Microwave radio links can be properly and precisely
engineered to overcome potentially detrimental propaga-
tions eﬀects. The received signal varies with time, and
the system performance is determined by the probability
for the signal to drop below the radio threshold level or
the receiver spectrum to be severely distorted. In order
to estimate the performance of radio link system, it is
very important to notice – what was found from measure-
ments – that:
– attenuation of all events exceeding 30 dB resulted in
situations when there were numerous short fadings,
– in case of lower levels, 10 dB, the exceedances lasted
up to 5000 s,
– sometimes in winter months fadings did not occur.
Multipath fading in the atmosphere is not a permanent phe-
nomenon. It occurs when there is no wind and the atmo-
sphere is well stratiﬁed. It is more frequent at night and
in the early morning hours and it is seldom felt at mid-day
but never during periods of intense rain. In Poland it is
frequent in July and August.
The eﬀects of these materials have been investigated by
means of real terms working radiolinks. This has permitted
to integrate the inﬂuence of diﬀerent materials on the tag
performance into the models.
References
[1] R. H. Anderson, Fixed Broadband Wireless System Design. Chich-
ester: Wiley, 2003.
[2] J. Bogucki and E. Wielowieyska, “Propagation reliability of line-of-
sight radio relay systems above 10 GHz”, in Proc. 17th Int. Wroclaw
Symp. Exh. Electromag. Compatibil., Wrocław, 2004, pp. 37–40.
[3] J. Bogucki, A. Dusiński, and E. Wielowieyska, “Problemy propa-
gacyjne w środkach przekazu radiowego. Etap 2: Opracowanie
oprogramowania dla potrzeb projektowania horyzontowych linii
radiowych pracujących na częstotliwościach zakresu fal milimetro-
wych”, Warszawa, Instytut Łączności, 2004 (in Polish).
[4] J. Bogucki and E. Wielowieyska, “Czasy trwania zaników w liniach
radiowych zakresu 6 GHz”, Elektronika, vol. 53, no. 7, pp. 120–124,
2012 (in Polish).
[5] R. K. Crane, Propagation Handbook for Wireless Communications
System Design. London: CRC Press, 2003.
[6] M. P. M. Hall, Effects of Troposphere on Radio Communication.
London: Peter Peregrinus Ltd., 1979.
[7] “Propagation data and prediction methods required for the design
of terrestrial line-of-sight systems”, ITU-R, Rec. P.530-14, Geneva,
2012.
[8] “Eﬀects of multipath propagation on the design and operation of
line-of-sight digital ﬁxed wireless systems”, ITU-R, Rec. F.1093,
Geneva, 2006.
[9] “Speciﬁc attenuation model for rain for use in prediction methods”,
ITU-R, Rec. P.838-3, Geneva, 2005.
[10] “Computation of reliability and compatibility of HF radio systems”,
ITU-R, Rec. P.842-4, Geneva, 2007.
[11] “Availability objective for radio-relay systems over a hypothetical
reference circuit and a hypothetical reference digital path”, ITU-R,
Rec. F.557-4, Geneva, 1997.
[12] A. Kawecki, “Charakterystyki zaników sygnału wywołanych propa-
gacją wielodrogową w doświadczalnych liniach radiowych 11,5 GHz
i 18,6 GHz”, Prace IŁ, vol. 101, pp. 59–84, 1993 (in Polish).
[13] C. Salema, Microwave Radio Links: From Theory to Design. New
Jersey: Wiley, 2003.
[14] A. A. R. Townsend, Digital Line-of-Sight Radio links. A Handbook.
London: Prentice Hall, 1988.
17
Jan Bogucki and Ewa Wielowieyska
Jan Bogucki graduated from
Technical University of War-
saw (1972). Since 1973 he has
been employed at National In-
stitute of Telecommunications,
Warsaw, where he has been en-
gaged in problems connected
with digital radio links, digital
television, microwave propaga-
tion in the troposphere and elec-
tromagnetic compatibility. He is
the author or co-author of over 150 publications in scien-
tiﬁc journals and conference proceedings.
E-mail: J.Bogucki@itl.waw.pl
Equipment and Systems Testing Department
National Institute of Telecommunications
Szachowa st 1
04-894 Warsaw, Poland
Ewa Wielowieyska graduated
from Faculty of Mathematics,
Informatics and Mechanics of
Warsaw University. Since 1981
she has been employed at Na-
tional Institute of Telecommu-
nications, Warsaw, where she
has been engaged in tasks con-
nected with software of mea-
surement systems and problems
of microwaves propagation in
the troposphere, propagation of digital radio signals on
short and medium waves.
E-mail: E.Wielowieyska@itl.waw.pl
Equipment and Systems Testing Department
National Institute of Telecommunications
Szachowa st 1
04-894 Warsaw, Poland
18
